Objectives: To report the methods used to assemble a contemporary pregnancy cohort for investigating influences on smoking behaviour before, during and after pregnancy and to report characteristics of women recruited.
BACKGROUND
Maternal smoking in pregnancy causes substantial harm to the infants and mothers, increasing risks of miscarriage, stillbirth, prematurity, low birth weight, perinatal morbidity and mortality, neonatal or sudden infant death. 1 There is growing evidence of the impact of smoking in pregnancy on children; associations have been found with childhood behavioural problems, 2 3 and being overweight 4 or obese in childhood. 5 In addition, the costs to the National Health Service (NHS) of adverse maternal and infant health outcomes related to smoking are estimated to be between £31.6 million and £87.5 million/year. 6 Reducing smoking in pregnancy is therefore an NHS priority, with the government aiming to reduce rates from 14% in 2009/2010 to less than 11% by 2015. 7 Between 1984 and 2000, UK studies found that 30-35% of women smoked during pregnancy. [8] [9] [10] [11] More recently smoking in pregnancy appears to have decreased, 12 but it remains a significant problem, particularly among younger and more deprived women; pregnant women aged under 20 are four times more likely to smoke than those aged Strengths and limitations of this study ▪ This longitudinal cohort has collected the most detailed information on influences and determinants of smoking in pregnancy for almost 20 years. ▪ Future cohort analyses will investigate determinants of and describe women's smoking behaviour and attitudes and their receptivity to help with stopping smoking during pregnancy and postnatally. ▪ Although recruitment was in Nottingham, cohort women have a demographic profile which appears broadly representative of other UK women who smoke in pregnancy. over 35 years. 12 Furthermore, mothers in routine and manual occupations (eg, people working in sales, services, technical, operative or agricultural jobs) are five times more likely to smoke during pregnancy than those in managerial and professional occupations. 12 In 2001, the Millennium Cohort Survey (MCS) data showed that 35 .3% of UK women smoked at some point during pregnancy, and 28.4% of women were smoking at 9 months postnatally. 13 By 2010, the UK Infant Feeding Survey (IFS) showed that this had fallen to 26% of women smoking before or during pregnancy and 12% throughout 12 ; however, caution is required as IFS and MCS may not be completely comparable due to some differences in methodology and sampling. While both studies were UK-wide, the MCS collected retrospective maternal selfreport of smoking 9 months postnatally, disproportionately sampling families living in high poverty in Northern Ireland, Scotland and Wales, and from high ethnic minority populations in the UK. 13 The IFS, however, collected maternal-reported smoking at 6-10 weeks postnatally from a representative sample of mothers weighted for age and deprivation. 12 There is evidence that smoking behaviour fluctuates during pregnancy. In a US pregnancy cohort, up to 21% of quit attempts were made after the first trimester 14 also, these were often repeated throughout pregnancy 14 and 84% of pre-pregnancy smokers reported daily smoking later in pregnancy. 15 However, little is known about smoking patterns in pregnancies in the UK because there have been very few cohort studies investigating this; in a 1986 cohort, 31% of pregnant mothers smoked and, although 25% of these were successful at quitting at some point during pregnancy, the timing of cessation was unclear and relapse to smoking was not reported. 10 A second UK cohort conducted in the early 1990s 16 found complex smoking trajectories across pregnancy; just over 30% of smoking women stopped smoking temporarily in pregnancy, with quit attempts and relapse occurring at varying times across pregnancy.
Smoking therefore remains prevalent in pregnancy, and although smoking patterns appear to vary across pregnancy there is very little contemporary, normative data available. Similarly, almost nothing is known about when pregnant smokers are most receptive to offers of help with stopping smoking. Currently, pregnant women in the UK are systematically offered referral for NHS smoking cessation support during their first meeting with a midwife, but offers of support are less systematic in later pregnancy. Such later offers of support might be readily accepted but there is almost no research evidence on smokers' propensity for using cessation support during pregnancy. Research documenting women's smoking behaviour across pregnancy and how their attitudes to this and to receiving support with cessation might vary at different times in pregnancy could help determine when offers of cessation support made to pregnant women are most likely to be accepted. We have recruited a longitudinal, pregnancy cohort which has collected detailed information on these issues and also on the many potential determinants of and influences on smoking in pregnancy. The primary aim of this cohort study will be to estimate the proportion of smokers who initiate quit attempts in the second or third trimester of pregnancy. The secondary aims are to describe pregnant women's longitudinal smoking patterns throughout pregnancy, the timing of women's quit attempts and women's use of and attitudes to offers of NHS orientated cessation support and self-help cessation support. The longitudinal cohort will also explore whether individual, family and social context factors predict smoking patterns, use of and attitudes towards cessation support. We believe this cohort has collected some of the most detailed ever longitudinal UK data on smoking in pregnancy. Consequently, future analyses using cohort data will facilitate clearer understanding of the phenomenon of smoking in pregnancy.
We report methods used to assemble the cohort, details of the measures employed to quantify potential determinants of smoking, recruitment rates and the sociodemographic characteristics of cohort participants.
METHODS

Participants
Eligible women were those aged 16 years or above, and reported being between 8 and 26 weeks pregnant. Women who self-reported being either current smokers (defined as self-reported occasional smokers and daily smokers) or having smoked in the 3 months prior to becoming pregnant were eligible for participation. Women who were unable to understand study procedures sufficiently to provide consent (eg, due to cognitive difficulties) had previously enrolled in the study, or were unable to read or understand the written questionnaires in English were not enrolled.
Recruitment and questionnaire distribution
We recruited a longitudinal cohort of pregnant women using questionnaires completed at 8-26 weeks gestation, followed up at 34-36 weeks gestation, and 3 months after childbirth.
Recruitment and baseline questionnaire
On the basis of routine hospital data, there were approximately 10 051 infants born in Nottingham hospitals in 2011/2012. We envisaged that at least 25% of pregnant women in Nottingham would have smoked in the 3 months prior to or during pregnancy, providing 2500 potential participants from which we could recruit to the survey. Recruitment to the Pregnancy Lifestyle Survey took place between August 2011 and August 2012. Recruitment took place at two antenatal clinics within Nottingham University Hospitals NHS Trust (City Hospital and Queen's Medical Centre). Researchers attended on average five clinics per week; to ensure representative sampling researchers attended varied clinics and specialist clinics evenly distributed across both sites. All women self-reporting to be between 8 and 26 weeks gestation attending routine antenatal appointments at these clinics were invited to complete an anonymous screening questionnaire which determined study eligibility based on the criteria described above. Those who met the criteria were directed to read a participant information sheet describing the study, and, if willing, to then complete a baseline questionnaire; women could also seek further information from the researcher in the clinic.
On completion of the baseline questionnaire, women were offered a £5 high street shopping voucher as recognition for the time taken to complete the questionnaire. Written informed consent was obtained from those who wished to participate in the rest of the study and to complete the two further follow-up questionnaires. Researchers contacted any women who did not feel able to make a decision about participation while they were in the clinic after a further 24 h to ascertain whether they wished to take part.
Follow-up at 34-36 weeks gestation
Researchers liaised with hospital administration staff to routinely check antenatal hospital records ensuring that questionnaires were not sent to women who had died or whose fetuses/infants had died; for all other participants at this time point, a second questionnaire was sent by post, using the contact details provided at recruitment. In addition, participants who provided an email address were emailed a link to a web-based version of the questionnaire, and sent one email reminder. Web-based questionnaires were created using the Bristol Online Surveys tool. 17 Participants were required to log in to the questionnaire using a unique ID number, details of which were provided in the email containing the URL link. The web-based questionnaires were designed with a similar layout to the paper versions and, with the exception of current smoking status, all questions were optional. Non-respondents were sent one postal/email reminder letter and then contacted by telephone; if no response was received, a text message reminder was sent to participants' mobile phones. Participants who were successfully contacted via telephone were invited to complete the questionnaire during the call.
All participants who completed follow-up questionnaires were sent a £5 shopping voucher.
Follow-up at 3 months after childbirth
Researchers liaised with hospital administration staff to routinely check antenatal hospital records to determine participants' actual delivery dates. A member of the research team sent the final questionnaire 3 months after the delivery date, using the same method as described above for follow-up in later pregnancy.
Questionnaire contents
Copies of the three questionnaires can be found in attached additional files, and a description of items selected from each is shown below. All questions used a range of response formats including yes/no responses, multiple choices and five-point Likert-type scales for attitudinal questions.
Baseline questionnaire
The baseline questionnaire contained 38 items including a combination of original questions and items derived from previous surveys or used in previous studies (shown by citations). The baseline questionnaire was divided into six sections: (1) screening questions, (2) your health and your pregnancy, (3) your smoking behaviour and beliefs, (4) your current smoking behaviour, (5) your interest in getting help to stop smoking and (6) about you (sociodemographic information). These questions asked women to describe their current smoking behaviour, [18] [19] [20] [21] nicotine dependence based on the 'heaviness of smoking index' 20 general health, [22] [23] [24] [25] [26] intentions to quit smoking and self-efficacy in achieving this, 27 28 their beliefs about the harm smoking during pregnancy causes their baby, 27 support from family and friends to stop smoking, 27 29 30 any stop smoking services accessed. 27 The questionnaire also asked women about their opinions on a range of health professional provided and self-help stop smoking support, including telephone helplines, group sessions, one-to-one sessions, booklets, a DVD, websites, text messages, email support and a mobile phone/device application. 31 The age that women left education, qualifications, whether they rented or owned their own home, access to a car or van within their household, employment status, occupation and ethnicity were also collected at baseline.
Follow-up at 34-36 weeks gestation
The first follow-up questionnaire contained 22 items, divided into four sections. Many of the questions from the baseline questionnaire were repeated, with the exclusion of screening and sociodemographic information already gathered at baseline. The four sections covered by follow-up questionnaire were (1) your smoking behaviour and beliefs, (2) your current smoking behaviour, (3) your interest in getting help to stop smoking and (4) your health and your pregnancy. In addition to the questions asked at baseline, this questionnaire also asked women about experiencing nausea or sickness during pregnancy 32 and their concerns about weight gain as a result of stopping smoking. 33 Follow-up at 3 months after childbirth The second follow-up questionnaire contained 29 items, again divided into four sections. These were similar to the sections used in the baseline and first follow-up questionnaire, but the nature of the questions changed to reflect women's postnatal status. For example, the section (1) your smoking behaviour and beliefs asked women if they had smoked at all since the birth of their baby and focused on their confidence and determination to stop smoking for good rather than until the birth of their baby. The final section (4) your health also asked women about smoking in the home and their beliefs about harm caused to infants through smoking in the home. In addition women were asked in this section about their relationship with their baby, 26 confidence in their parenting ability, 26 money concerns and family routine. 34 35 All questions followed a similar format as the baseline and first follow-up questionnaire.
Sample size
The target sample size was 850, anticipating a 20% drop out rate, giving an effective sample size of 683 pregnant smokers. The sample size calculation was conducted based on the primary aim of the cohort, to estimate the proportion of smokers who initiate quit attempts in the second or third trimester of pregnancy. This calculation estimated that 850 participants would be sufficient such that, if 20% of women reported quit attempts in the second or third trimester, we would be able to estimate this percentage with a 95% CI of ±3%.
Data analysis
Descriptive analyses were conducted summarising baseline cohort sociodemographic characteristics and information on current smoking behaviour from all women approached, and those recruited into the cohort. χ 2 Tests were used to examine potential differences in characteristics between those eligible women recruited and not recruited into the cohort, and current and recent ex-smokers within the cohort. Analyses were carried out in SPSS V. 16 .
Future analysis of the longitudinal cohort data will include descriptive statistics to delineate women's smoking patterns across pregnancy and receptivity to cessation support. Multivariable regression models will investigate whether patterns of smoking behaviour are predicted by individual, family or contextual factors and will be modelled for the potential impact of offering NHS Stop Smoking Services in Pregnancy (SSSP) and self-help to women at different points in pregnancy, based on the prevalence of women making unsupported quit attempts at those times.
RESULTS
Sample characteristics
Screening questionnaires were distributed and completed by 3265 women attending antenatal clinics in one of two sites at Nottingham University Hospitals NHS Trust. In total 148 (4.5%) women approached declined to complete the screening questionnaire, giving us a response rate of 95.5% for screening questionnaires. Routine hospital data indicate that there were 10 051 infants born in Nottingham hospitals in 2011/2012. We therefore estimate that just under one-third (32.5%) of the pregnant population within Nottingham were screened. A flow diagram illustrating the recruitment and progression of participants through the study can be seen in figure 1 . Table 1 shows the current smoking status of the 3265 women approached in antenatal clinics. In total 33.7% (N=1101, 95% CI 32.1% to 35.4%) of women between 8 and 26 weeks gestation, and over 16 years of age, were either current smokers or recent ex-smokers (had stopped smoking either in the 3 months prior to becoming or after finding out they were pregnant). Overall 19.1% (N=625, 95% CI 17.8% to 20.5%) of women who completed the screening questionnaire in clinic were currently smoking while pregnant.
Cohort characteristics
Of those eligible to participate, 87.7% (N=966) completed the baseline survey, and 77.2% (N=850) gave consent for participation in the longitudinal cohort survey. The cohort comprised of 26% of all women approached in antenatal clinics, and an estimated 8.5% of all pregnant women who gave birth within Nottingham in 2011/2012. A consort diagram detailing recruitment can be seen in figure 2 .
Those eligible women who completed the baseline questionnaire but did not consent to enter the longitudinal cohort (N=116, 12.0%) were similar to the cohort in terms of smoking status, age, ethnicity, current employment and manual/non-manual occupations (table 2) . Table 3 shows the baseline smoking status of the 850 women enrolled into the cohort. In total 42.6% (N=362, 95% CI 39.3% to 45.9%) of participants reported having stopped smoking either in pregnancy or within the 3 months prior to this ('recent ex-smokers'), and 57.4% (N=488, 95% CI 54.1% to 60.7%) reported to be current smokers. As seen in table 4, differences between current and recent ex-smokers were observed across a range of sociodemographic characteristics. Current smokers were significantly younger than ex-smokers ( p<0.05), more likely to have no formal qualifications, to have left full-time education at a younger age, to not own their homes, to not be in current paid employment and to not be in non-manual occupations compared with recent ex-smokers ( p<0.001).
DISCUSSION
This is the first UK pregnancy cohort for 20 years to investigate smoking behaviour in pregnancy and, we believe, it may include more detailed longitudinal data on smoking and its determinants than any predecessor studies. We found that a third of women between 8 and 26 weeks gestation, and aged over 16 years, screened within Nottingham antenatal clinics were smoking either during pregnancy, or had smoked in the 3 months prior to this. Within our cohort of 850 pregnant women, we observed that 57% were current smokers and 43% had stopped either in pregnancy or 3 months prior to this. Current smokers entering our cohort were significantly younger, less educated and from lower socioeconomic backgrounds than recent ex-smokers. These findings are similar to those from previous UK cohorts, which reported that women who smoke before or during pregnancy are more likely to be less than 25 years of age, 10 12 more likely to have left education at a younger age and gained fewer formal qualifications, 10 13 36 37 and to be from lower socioeconomic groups than non-smokers. 10-13 36 37 Twenty-four years ago, The Nottingham Mothers Stop Smoking Project surveyed women within Nottingham Hospitals, using similar definitions of smoking to those we used. 10 Comparing current smoking rates to those recorded earlier, smoking rates appear to have declined substantially. Within this earlier cohort 64% of women smoked either before or during pregnancy and this was nearly the double rate in our 2012 sample (31%). 10 The reduction in smoking prevalence between Nottingham surveys is comparable to the fall in prevalence documented by the authoritative Infant Feeding Survey, suggesting that cohort findings are valid. 12 Prevalence of smoking before or during pregnancy reported by the Infant Feeding Survey is lower than found in our cohort. However, while smoking rates in the East Midlands are, in general, low compared with other regions, 38 rates in Nottingham city are relatively 39 and this is higher than the national average for England (20%). 38 Moreover, Nottingham City ranked 20 of 326 local authorities in England for deprivation in 2010. 40 Together, these factors are likely to contribute towards higher rates of smoking in pregnancy in Nottingham, again suggesting that cohort findings are valid.
Our cohort study found similar associations between smoking behaviour and demographic characteristics as reported in previous studies. For example, it has been widely reported that smoking in pregnancy is more prevalent in younger women. 10 12 Previous cohorts have further shown smoking in pregnancy to be linked with lower socioeconomic status, whereby those pregnant women in routine or manual occupations are up to five times more likely to smoke. [10] [11] [12] [13] As with our cohort, Madeley et al 10 and the MCS 13 reported lower educational attainment to be strongly related to smoking in pregnancy. These studies observed high smoking rates in those who had left education at 16 years or younger, had lower than General Certificate of Secondary Education (GCSE)-level qualifications or no qualifications 10 37 ; similarly, we found that 60% of cohort women had no educational qualifications higher than GCSE, with current smokers having left full-time education at a younger age.
Comparisons between women who smoke in pregnancy and 'recent ex-smokers' gave similar findings in our sample and in the MCS. Smokers enrolled in the MCS were more likely to be in routine and semiroutine occupations, 36 and less likely to be classified as 'nonworking class' compared with women who had stopped smoking early in pregnancy. 37 Current smokers were also less likely to have achieved GCSE qualifications or above. 37 Current smokers and those who had quit were similar in age. 36 37 Findings from our cohort were very similar, with the exception that 'recent ex-smokers' were more likely to be older. A characteristic of our cohort is that it predominantly consists of white British population. This is similar to previous cohorts, for example 87.1% of respondents within the MCS 13 and 82% in the 2010 IFS were white British. 41 Like our own cohort, the MCS 13 found smoking during pregnancy to be more prevalent among women of white British ethnicity. With the exception of those of black Caribbean and Irish ethnicity (smoking prevalence of 24% and 26%, respectively), smoking prevalence among women from ethnic minorities is generally low at less than 8%. 42 However, as the proportion of ethnic minorities within our cohort is low, the data, perhaps can be used most securely to form hypotheses about influences on smoking within a white British population.
A strength of our study was the very high response rate achieved, with 96% of women attending selected antenatal clinics within the Nottingham University Hospital Trust having their smoking status recorded and being screened for eligibility, accounting for around one-third of all births within Nottingham. Women who did not attend antenatal screening could not have been included in the cohort; however, 99% of UK women attend ultrasound anomaly screening scans 43 ; so our methods are likely to provide a similar sample to that obtained from a thorough population-based approach. A further strength of our study was the prospective recording of smoking status during pregnancy; some previous cohorts collected data retrospectively during the postnatal period, 12 13 subjecting their findings to recall error and bias.
A potential limitation of this research and of our cohort was the reliance on self-reported smoking status data. The social stigma of smoking in pregnancy may lead to under-reporting and therefore a response bias but few studies have investigated this. 44 In a Scottish study, self-reported smoking status measured at 8-12 weeks gestation was noted to be 25% lower than that measured by serum cotinine at 15-16 weeks gestation. 45 This could have been due to under-reporting of smoking habits; however, it is also likely that at least a proportion of this was due to relapse to smoking as gestation progresses. However, other research has shown a high correlation between self-reported smoking and biomedical markers within pregnant populations, 15 46 suggesting that self-report measures can be a valid method of assessing smoking status in surveys such as ours. Furthermore, although recruitment was limited to Nottingham the observed demographic profile of smokers within the cohort is, given the composition of other cohorts, as expected and broadly representative of pregnant smokers generally.
This cohort provides contemporary data source for investigating the phenomenon of smoking in pregnancy. We achieved a high response rate which has resulted in comprehensive population coverage. Future analyses using cohort data will attempt to gain greater understanding of smoking in pregnancy and, as the characteristics of cohort participants are similar to those of other white British smokers, findings from future studies will be most generalisable pregnant smokers from this social group.
